There are many factors that influence the propagation of electromagnetic wave in the sand-dust storm environment, the scattering effect of dust particle is one of the major factors, so this paper focuses on the dust particles scattering function. The scattering of dust particles inevitably brings the multipath transmission of the signal, multipath propagation will bring the multipath fading of the signal. In this paper, we first investigate the use of AF and DF modes in a sand-dust storm environment. Secondly, we present a low-order modulation method should be used in cooperative communication system. Lastly, we evaluate the system performance for both of the moving nodes and power allocation. Experimental results validate the conclusion of theoretical derivation: the multipath fading is one of the main factors that affect the quality of signal transmission. Cooperative communication technology has good anti-fading ability, which can guarantee the signal transmission timely and correctly.
Introduction
During the wireless communications, the main factors that influenced the quality of wireless communication are the complexity of the transmission environment and multipath fading of wireless signals. The transmission environment in the sand-dust storm is more complex than that in the urban environment. There are many factors that can influence the transmission of electromagnetic wave, firstly, the loss of signal transmission in the sandstorm channels; secondly, the attenuation that caused by the water content and visibility of the sandstorm; thirdly, the polarization effect of dust particles influence on electromagnetic waves. Last, the scattering effect of dust particles. This paper discusses cooperative communication system in sand-dust storm environment. It does research on sand-dust storm communication system, for the project of Ningxia University The research on access to information technology cooperation in desert hinterland dust monitoring.
It is a project for information acquisition of desert and sand-dust storm. The implementation environment of the project is in desert hinterland, about 25 kilometers. It uses the sensors carried by robots to get a variety of data in desert. The data is transmitted to remote information center by wireless communication network. In desert hinterland, each node can be real-time mobile robots.
With the moving of the nodes, the communication network is also changing. When a node is moving, a node must leave or enter the coverage situation of other communication nodes, information transmission is required in the cooperation of other nodes to complete. In addition, the nodes may move into the position of the sand dunes, which will cause that the information cannot reach the destination node by direct passing way, this also need other nodes together to complete the data transmission.
When the electromagnetic wave is transmitting in the sand-dust storm environment, it will be affected by dust particles. Dust particles will cause the scattering effect. The scattering of dust particles inevitably brings the multipath transmission of the signal, multipath propagation will bring the multipath fading of the signal.
In this paper, we do the study of cooperative communication mode and dust environment, and look for a suitable cooperative communication system, which can work in sand-dust storm environment.
in the second time slot, it amplifies the signals received by relay and sent it directly. And use MRC (Maximum Ratio Combining) to do signal processing for the first and second time slot [2] . 
marks conjugate transpose, the instantaneous SNR is
 is the SNR of the source node to destination node direct passing channel, 2  is the SNR of relay node to destination node.
According to the reference [2] , instantaneous 2  is:
And use MQAM (Multiple Quadrature Amplitude Modulation) to do the analysis of the AF mode. MQAM is a kind of carrier wave control mode that widely used in the capacity and the large capacity digital microwave communication system. It can improve the spectrum efficiency of communication system. At present, in large capacity digital microwave communication system, such as SDH (Synchronous Digital Hierarchy) digital microwave and LMDS, there are widely used in 64 QAM and 128 QAM, which are MQAM modulation mode.
According to the reference [3] , the symbol error rate (SER):
where 
The Figure 1 is the performance curve of 16 QAM 4 ) and QAM modulation system in AF mode, where
Cur e pe a 4Q ter than 16QAM. In low SER, the difference of two methods is not bit. With the increase of SNR, the good performance of 4QAM gradually reflected. Therefore, the low-order modulation method should be used in AF mode. 
DF Model and Its Performance
Decode-and-forward(DF) is another way in cooperative communication. In DF model, the relay receives the signal and does demodulation and decoding. Then, the verdict will be done; the relay will do recoding for the data and send it out again. The study of DF model also can use MRC. where
The SNR of the receiver is:
In MQAM modulation, the approxim system is: 
The efore, the low-order modlation method should be used in DF mode, as well.
the SE magnetic e scattering and abn of electro ic wave. Because the shapes of the dust ding to the equivalent medium theory, dust particles can be equivalent to homogeneou medium. It is assumed that the radius of all particle are the same, acco With the increase of SNR, the good performance of 4 QAM gradually reflected. Ther u
In the research of AF and DF system performance, it can draw the conclusion: in the case of high SNR, the low-order modulation mode should be used to keep R of the system in the low condition.
Influence of Propagation

Polarization Influence on Electro
Wave From the references [4] and [5] , th sorption of dust particles can cause the attenuatio magnet particles are irregular, when the electromagnetic wave spreads in the sand-dust storm, differential attenuation and differential phase shift is on the different directions. Dust particles can be seen as a spheroid, the ratio of its axis is:   In sa -dust storm envir ment, the differential attenuation coefficient and the ifferentia of electromagnetic wave nd l phase shift [7]   2 2.099 10
where
is the incident a of electrom gnetic wave, is equivalent radi dust particles ( visibility of dust storm (Km), f is the eque of the incident electromagnetic wave (GHz). V is the vi high h e irregular, the scatterin the dus he s that t e t st the shapes of lity is, the smaller the attenuation rate is; with the increase of water content, the attenuation is getting wo According to the curve in the Figure 3 , it can be seen that in the dry dust storm, the influence that the visibility affects on attenuation is not very clear. However, when the water is in the dust storms, it will seriously affect the tenuation of electromagnetic wave. In the desert hinterland, it can be thought that there is no water in sanddust storm.
Scattering Influence on Electromagnetic Wave
When the sand-dust storm happens, there are a large number of dus attenuation of electromagnetic wave, as well. Although statistics of the dust particle can be equivalent into a sphere particle scattering. So, the analysis of the dust particles can take advantage of the Mie theory [9] for analysis. According to the Mie theory, the scattering and extinction of section are:  is the atagnetic wave [11] . tenuatio icient of electrom According to (22) 
It can be used single dust particles attenuation for the overall calculation [12] . The spread of the electromagnetic wave will be influenced by multiple scattering; it can make use of Markov process. Because electromagnetic wave has the characteristic of light, the sample space after scattering m times space spread sequence is (26) is the probability that electromagnetic propagation in the sandstorm environment after scattering m times [13] . Because this process can be seen that ra
The conditional probability   
The weight function m W is: The average transmittance of electromagnetic wave is:
Under the condition of the atmosphere visibility is higher, the amount of dust particles in the air is small, and the scattering of electromagnetic waves is very weak, scattering need not to be considered. However, w sand-dust storm is very heavy, the air visibility is less than 1 km, the scattering of dust particles is very strong, iously affec the signal transmission.
Simulation Results and Analysis
The location of the relay node will affect the performan ee n of the relay node are an First: the relay node is located at the source nod destination node precisely symmetric center That is hen the it will ser t ce of the system. Thr locatio alyzed [15] . e and position. 
  
The Figure 4 is the performance curve of relay located in different position. It can be obtained from the figure: a relay node is located in the close distance between source node and destination node position, cooperative communication system performance is better, and in both cases, the performance of system is approximately the same. When the relay nodes in the source node and destination node center position, performance of the system is worse. It is the cause of the equal power allocation.
The Figure 4 is the performance curve in the equal power allocation. The Figure 5 is the performance curve in the unequal power allocation. The power allocation is: the source node power is two-thirds of the total power, the relay node power is a third of the total power. It is discussed in accordance with the above three kinds of relay location conditions.
We can obtain from the Figure 5 : in ranging from he same as close distance from destination node. Under the condition of the same SNR, close distance relay node to destination node position can bring good system performance. When the relay node is in the close distance to destination node position, collaborative system of communication system performance is best.
Conclusions
In this paper, we have analyzed two kinds of cooperative communication modes and get the conclusion that the low-order modulation method should be used in cooperative communication. In the analysis of dust environm polarization and scattering are the two main factors t influence the propagation of electromagnetic wave. The moving of nodes and power allocation will affect the lectromagnetic nvironment is very complex, dust particle scattering of ultipath fa rted by the Nature Science Founda-62020). The authors would like to rees for their valuable compower allocation, the system performance of close distance from the source node is no longer t ent, hat performance of collaborative communication system. In sand-dust storm environment, the e e electromagnetic waves become the important factor to influence the signal transmission. When the signal is transmitting, the scattering effect can cause the m ding. So the key point of the sand-storm communication is to overcome the influence of multipath fading.
Furthermore, in the future study, OFDM technology can be used in system, because OFDM technology can achieve the role of resistance to multipath fading. OFDM cooperative communication technology can support the quality of communication system.
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